The use of chemoradiation therapy in laryngeal cancer has resulted in significant reconstructive challenges.
Abstract:
The use of chemoradiation therapy in laryngeal cancer has resulted in significant reconstructive challenges. Although reconstruction of salvage laryngectomy defects remains controversial, current literature supports aggressive management of these defects with vascularized tissue, even when there is sufficient pharyngeal tissue present for primary closure. Significant advancement in reconstructive techniques has permitted improved outcomes in patients with advanced disease who require total laryngopharyngectomy or total laryngoglossectomy. Use of enteric and fasciocutaneous flaps result in good patient outcomes. Finally, wound complication rates after salvage surgery approach 60% depending on comorbid conditions such as cardiac insufficiency, hypothyroidism, or extent of previous treatment. Neck dehiscence, great vessel exposure, fistula formation, or cervical skin necrosis results in complex wounds that can often be treated initially with negative pressure dressings followed by definitive reconstruction. The timing of repair and approach to the vesseldepleted neck also present challenges in this patient population. Currently, there is significant institutional bias in the management of the patient with postchemoradiation salvage laryngectomy. Future prospective multi-institutional studies are certainly needed to more clearly define optimal treatment of these difficult patients. Primary chemoradiation therapy for advanced laryngeal cancer has resulted in larynx-preservation rates of up to 64% of surviving patients thereby achieving cure rates similar to that of total laryngectomy followed by radiation therapy. 1 Successful surgical salvage of patients with persistent or recurrent cancer after tissue damage from chemoradiation therapy has therefore become an evolving aspect in the management of advanced laryngeal cancer.
The damaging effects of radiation therapy have been well established in the literature, and the addition of chemotherapy to radiation has been shown to have profound additive effects. 2, 3 Several studies have demonstrated high rates of wound complications associated with salvage laryngectomy after chemoradiation. Major wound complications occurred in 61% of patients who underwent surgery after organ-preservation therapy conducted by the Veteran's Administration Laryngeal Cancer Study Group. 4 Data from the Radiation Therapy Oncology Group 91-11 study found an overall wound complication rate between 52% and 59% with a pharyngocutaneous fistula rate of 15% to 30%. 5 Others report 45% incidence of local wound complications and 32% rate of pharyngocutaneous fistulas after chemoradiation therapy. In this study, the authors report that primary chemoradiation therapy was an independent predictor of postlaryngectomy complications. 6 
Salvage Laryngectomy
Defects. Laryngectomy defects can generally be classified into 3 general categories: (1) sufficient mucosa to close primarily, (2) mucosa present but insufficient to close (requiring patch reconstruction), and (3) total laryngopharyngectomy where no mucosal strip of tissue is present and therefore requires a tubed reconstruction. The section immediately below addresses the first and second scenarios, whereas the section on total laryngopharyngectomy addresses the third scenario.
Salvage Laryngectomy with Sufficient Mucosa. After total laryngectomy with or without partial pharyngectomy, the remaining pharyngeal defect can be repaired either by primary closure or with additional tissue depending on the amount of pharyngeal tissue remnant available. Traditionally, approximately 3 cm of stretched non-radiated pharyngeal mucosa is sufficient for primary closure after laryngectomy. The relaxed and stretched widths of the pharyngeal remnant can be measured after removal of the laryngeal specimen. It has been demonstrated that the narrowest width of the pharyngeal remnant is 1.5 cm relaxed (or 2.5 cm stretched) in the absence of tumor recurrence or radiation is sufficient both for primary closure of the pharynx and in restoring swallowing function. 7 Several reports support the use of free vascularized tissue reinforcement of the primary pharyngeal closure in salvage laryngectomy after failed chemoradiation therapy to prevent major wound complications but did not significantly impact overall fistula rate. 8 Use of a ''patch'' radial forearm free flap in patients with sufficient pharyngeal mucosa has been advocated in patients undergoing salvage surgery. Free flap reconstruction had a lower rate of fistula (18%) compared with the primary closure group (50%). A lower rate of stricture formation (18% vs 25%) and feeding tube dependence (23% vs 45%) was also observed in the free flap reconstruction group compared with the primary closure group. 9 Use of the pectoralis major myocutaneous flap as the optimal reconstruction for salvage laryngectomy with sufficient mucosa for closure remains controversial. Some authors have found that when a pectoralis myofascial flap reinforcement of the closure is performed after salvage laryngectomy, the fistula rate is significantly reduced compared to primary closure. 10 However, others have found that in a much larger cohort, patients undergoing salvage laryngectomy with primary closure develop pharyngocutaneous fistulas (24%) at a similar rate compared to reconstruction using the pectoralis major flap (27%).
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Salvage Laryngectomy without Sufficient Mucosa. In the setting of insufficient pharyngeal mucosa for closure, vascularized tissue is needed, but the choice of donor site for reconstructive tissue has been controversial. The pectoralis major myocutaneous flap has served as a popular choice and is certainly a reliable reconstruction in patients with significant comorbidities. A comparison between the pectoralis major myocutaneous flap and free tissue flaps in oral and oropharyngeal reconstruction showed no statistically significant differences (p > .05) other than a longer operative time for free flap reconstruction when comparing costs and morbidity. 12 In cases of total laryngectomy, the pectoralis major myocutaneous flap can be directly sutured to the pharyngeal and esophageal stumps and the prevertebral fascia, which eventually represented the posterior wall of the neohypopharynx. In cases of partial pharyngolaryngectomy, the pectoralis flap can be sutured to the posterior wall of the neohypopharynx and consist of a residual strip of pharyngeal mucosa. Although microvascular free flaps are reliable, the pectoralis major myocutaneous flap can be applied to hypopharyngeal reconstruction with expediency and a low complication rate. 13 It is unusual, however, for studies advocating pectoralis flaps to address donor site morbidity. In our experience, the associated donor site morbidity of shoulder dysfunction, pulmonary comorbidity, and cosmesis is less tolerated than the free tissue donor sites of the radial forearm or anterolateral thigh free flap. Therefore, we favor free tissue reconstruction for pharyngeal closure in the setting of insufficient pharyngeal mucosa. Furthermore, this reserves the pectoralis flap for subsequent repair of salvage surgery defects or other management of postoperative wound complications.
The selection of free tissue donor site for pharyngeal reconstruction has also remained controversial. The most common donor sites include the radial forearm, anterolateral thigh, and rectus flap for partial pharyngeal reconstruction. A study of 19 patients who were randomized into either anterolateral thigh flaps or radial forearm flaps for pharyngeal reconstruction, there was a significant (p ¼ .04) increase in reconstructive complications in the anterolateral thigh group, including esophageal stenosis and pharyngeal fistulas. There was no reported significant difference in donor-site complications. 14 In the setting of patients with sufficient pharyngeal mucosa in salvage laryngectomy after chemoradiation therapy, we have advocated the use of free vascularized tissue. Although the patient's body habitus influences donor site selection, we have favored the use of the radial forearm free flap. In patients with significant comorbidities, it may be expedient to use the pectoralis major myocutaneous flap due to its reliability and ease. Although it is often wiser to leave the pectoralis major flap as an alternative if any additional reconstructive procedures are needed.
Total
Laryngopharyngectomy. Classically, the reconstruction of total laryngopharyngectomy defects is considered in a different light when compared to the total laryngectomy where a strip of posterior pharyngeal wall mucosa has been left. Historically, total laryngopharyngectomy defects were very difficult to reconstruct. Local tissue flaps, such as the Wookey flap, require multiple surgical stages and was fraught with patient morbidity and extended and prolonged hospital stays. The advent of pedicle flaps demonstrated that the pectoralis major myocutaneous flap could be tubed or sutured to the deep neck fascia. Although this improved wound healing and allowed patients to be discharged earlier with decreased morbidity, it often times resulted in fistulas or strictures.
Reconstruction of the total laryngopharyngectomy defect can be divided into tubed skin or an enteric free flap. Initially, total laryngopharyngectomy defects were reconstructed using jejunal free flaps. The ability to use a tubed enteric flap seemed intuitive and relatively straightforward, and the success rates were acceptable. The advent and common usage of the radial forearm flap began to see the use of a tubed radial forearm flap instead of a jejunal flap. Although there are many pros and cons to each donor site, it seems that institutions and surgeons developed their own personal preferences. Consequently, the discussion of this topic will be approached from an outcome and morbidity perspective comparing these 2 major reconstructive modalities.
The morbidity of a jejunal or enteric free flap is that the abdominal cavity must be opened in order for the jejunum to be harvested. Although there have been single institutional reports of endoscopic harvest of a jejunum, this is not widely performed. Jejunal flap harvest is performed by a general surgeon and there is relatively minor morbidity and long-term abdominal issues reported. The most common issue with harvesting of a jejunal free flap is the increase in length of stay secondary to the patients' recovery of abdominal function. The comparison of length of stay between 2 institutions demonstrated that the average was approximately 13 days for patients with enteric flaps as opposed to 9 days for patients with tubed skin flaps; which has significant cost implications. Intra-abdominal complications are rare and are usually reported anecdotally with an incidence of less than 5% in most series where numbers can be generated to yield statistics. 15, 16 Harvesting of an enteric flap usually does not involve any increase in blood loss or extra surgical time. However, marked increase in fluids are required during the harvest, although there has never been adequate documentation that these fluid shifts are detrimental to flap survival. The short-term and long-term donor morbidity associated with harvesting of a fascial flap from the forearm has been well documented in the literature. 17, 18 The issues are mainly of a wound healing nature with loss of parts of the skin graft and occasional dressing changes and wound care issues that may last over a month or 2. Studies from multiple institutions demonstrate a fistula rate of approximately 3% to 14%. 19, 20 Most fistulas in the enteric flaps would seem to arise from the superior anastomosis. The lower anastomosis is more easily closed in a watertight fashion compared to the superior anastomosis because of the oropharyngeal circumference. Incising the jejunum may improve results, but the tongue base is not as malleable as the esophagus and suturing at the lateral borders may break down. It is oftentimes easier to adapt the large oropharyngeal circumferential opening and a small cervical esophageal opening by tubing a fascial flap. Whereas a small leak from a visceral flap or rectus flap that has adequate tissue coverage may not manifest as a fistula, a leak from a tubed radial forearm flap will ultimately show itself through a fistula formation in the neck.
The anterolateral thigh flap is a fascial cutaneous flap that has become much more popular in recent years. A small number of series have described the use of this flap for reconstruction of total laryngopharyngectomy defects, but the forearm has been found to be superior. In many populations, the size of the fat and subcutaneous tissue precludes use of this flap as it becomes difficult to mold it into a 3-dimensional shape, much like the pectoralis muscle myocutaneous flap was difficult to form into a tube. In certain patient populations, or in highly selected patients where the subcutaneous tissue is not very thick, this flap can also be folded into a tube. The amount of skin that can be harvested is greater than that with a radial forearm, and the added layer of fascia or taking a strip of the rectus femoris muscle allows for a second layer, which can help cover the anastomotic or a long suture line. Molding it in 3-dimensionally because of the subcutaneous fat is the issue, although the flap can be rotated in a spiral closure to create a tube.
Functional Outcomes in Total Laryngopharyngectomy
Defects. Strictures in tubed flap reconstructions are common at the lower esophageal anastomosis. The oropharyngeal site tends to fistulize more, but once it heals, stricture rates seem to be low because of the large size of the oropharyngeal inlet. The upper esophagus that is used for anastomosis has most often seen previous chemoradiation, and thus, is inclined to form more scar tissue and contribute to stricture formation. Stricture formation for tubed skin flaps is reported in up to 50% to 60% of patients, whereas stricture formation in jejunal flaps occurs in up to 20% of patients. 15, 19, 21, 22 Most studies are retrospective singleinstitution reports with small patient numbers, which makes it hard to compare from one institution to another because of the multiple criteria for surgery, surgical preferences, and pretreatments. Most patients have their strictures treated with serial dilations, therefore, surgical intervention is rarely required.
It is important to differentiate a patient's dependency on a gastrostomy tube based on inadequate oral intake that is caused by a stricture as opposed to swallowing dysfunction from the overall patient condition or their prior treatment. In our experience, patients without anatomic obstruction can remain gastrostomy dependent because of pre-existing postchemoradiation treatment swallowing dysfunction. Notwithstanding this, approximately a quarter of patients with tubed skin flaps will ultimately require a gastrostomy tube for complete enteral support. In a jejunal free flap, this is usually reported up to 13%. 16, 23 Again, comparison from a statistical perspective is difficult due to the selection criteria and the small numbers from single institutions. However, with intensification of chemoradiation, patients demonstrate no anatomic obstruction but have diffuse swallowing disorders of the oral cavity and cervical remnants of the cervical esophagus secondary to their prior treatment. Tracheoesophageal puncture can be performed in patients that undergo enteric or fasciocutaneous flap reconstructions. The institutions that have dedicated speech language pathologists and a particular interest in language rehabilitation have demonstrated excellent results with up to half of these patients achieving some form of speech. Compared to radial forearm reconstruction, results in a jejunal flap is wet, moist, and is not as understandable as that with a radial forearm flap. Results comparing the 2 flaps are oftentimes difficult because the institution and surgical preference will preclude use of the comparison flap. 19, 23, 24 In summary, whether one chooses a fasciocutaneous flap or an enteric flap depends on surgical judgment, expected donor site morbidity and, to some extent, the institutional experience such as nursing care. Enteric flaps are associated with longer length of stay; whereas fasciocutaneous tubed flaps have wound care issues due to fistulas. Ultimately, patients with both types of reconstruction tend to heal over time and a significant number are ultimately free of gastrostomy dependence.
Total Glossectomy with Laryngectomy. Very extensive tumors, or less commonly, synchronous primary cancers, may necessitate total glossectomy concurrently with laryngectomy. A laryngectomy may also be performed with a total glossectomy when recurrent aspiration is felt to be unavoidable. In cases of total glossectomy with laryngectomy, the functions of both deglutition and phonation are lost; however, aspiration is not a concern. The main goal of reconstruction is to create a conduit to the esophagus that relies primarily on gravity for transit of food and liquid.
Laryngoglossectomy defects can be reconstructed in subunits: the oral defect separately, with a pedicled or free flap, and proceed with pharyngeal reconstruction by 1 of the methods described previously. In most cases, however, it is usually desirable to perform reconstruction of the entire defect with a single flap. The challenge of reconstruction with a single flap is that the flap must be both long enough to extend from the lingual surface of the mandible to the cervical esophagus and wide enough to span the entire floor of the mouth and reach the lateral oropharyngeal walls on each side.
The jejunal free flap has been modified to achieve the requisite width to span the floor of the mouth and reach the lateral oropharyngeal walls by splitting the small intestine along its antimesenteric border then folding and suturing it either into a ''J'' or ''S'' shape to effectively double or triple the width of the flap, respectively. 25, 26 An alternative to the jejunal free flap is the ileocolic free flap. 27 The ileocolic free flap is mucosally lined, like the jejunal free flap, but has a much larger diameter so that folding and additional suture lines are unnecessary to achieve the required width. The advantages of the modified jejunal and ileocolic free flaps are that they are lubricated with mucous secretions, have good caliber pedicle blood vessels, and the length of tissue available is ample. On the other hand, longer length of hospital stay is associated with an enteric flap harvest, as noted above.
Another alternative is the use of fasciocutaneous or myocutaneous free flaps, such as the rectus abdominis myocutaneous and anterolateral thigh (ALT) free flaps (Figure 1) . 28 The flap, which needs to be about 10 cm wide, can be used to line the floor of the mouth and used as a patch for partial pharyngectomy defects or tubed to reconstruct circumferential pharyngeal defects. In patients with adequate skin laxity, the donor-site defect can be closed primarily. It is not uncommon that these advanced-stage malignancies will require resection of additional structures such as a portion of the mandible (as shown in Figure 1 ) or cervical skin. As previously mentioned, the advantages of using cutaneous and myocutaneous free flaps are that a laparotomy and intestinal anastomosis are avoided and the neck vessels can be better covered by these bulky flaps, particularly when a muscle component is included, and that the flap can sometimes be designed to simultaneously reconstruct anterior neck skin defects (see below). Cutaneous Defects. A more common problem than the need to reconstruct both a glossectomy and laryngectomy defect is when the anterior neck skin must be replaced along with repairing the pharynx. In addition to when skin is resected because it is involved with or very close to the anterior margin of the tumor, previously irradiated neck skin tends to contract after skin flap elevation and may be at high risk for wound healing problems if closed under tension (Figure 2 ). Suture lines may be especially tight along the tracheal stoma when a distal tracheal resection has been performed. In addition to potential exposure of the major neck vessels, a wound dehiscence in the region of the tracheal stoma or pharyngeal closure can result in significant further morbidity.
Reconstruction of the anterior neck skin often requires a second flap; another free flap or a pedicled flap. The pectoralis major myocutaneous flap or muscle flap covered by a skin graft is frequently used to reconstruct the peristomal neck skin. This flap is well vascularized and easily reaches the anterior neck. Unilateral or bilateral deltopectoral flaps can also be used for this application. 29 The deltopectoral flap is based on 3 to 4 internal mammary perforating blood vessels and is very reliable when its length is not extended beyond the deltopectoral groove. The advantage of the deltopectoral flaps is that they are less bulky and, therefore, have fewer problems in the immediate postoperative period with occluding the stomal airway than pectoralis major myocutaneous flaps.
An elegant solution is to use a single flap to reconstruct both the pharynx and the anterior neck skin. The ALT or rectus free flap can often be designed with 2 skin paddles based on independent cutaneous perforating blood vessels that join together proximally within the main vascular pedicle, thus requiring only a single set of arterial and venous anastomoses to complete the reconstruction. 30 When more than 1 perforator is not available, the vastus lateralis muscle can be included with the ALT free flap and skin grafted to reconstruct the neck skin defect. Alternately, the ALT free flap or other fasciocutaneous free flaps can be partially de-epithelialized and a portion of the skin paddle can be used to reconstruct the neck skin defect. Preoperative Predictors. Poor wound healing after laryngectomy manifests most commonly as cutaneous or mucosal epithelial edge dehiscence. Pharyngocutaneous fistulas have been reported to occur in approximately 20% to 50% of patients after laryngectomy, with higher rates associated with previous radiation therapy. 19, 32 Aggressive perioperative management of patients at risk for complications requires a clear understanding of conditions that predispose epithelial dehiscence and subsequent fistula formation. Risk factors identified for fistulas include a low postoperative hemoglobin level (less than 12.5 grams/dL), preoperative radiotherapy, hypothyroidism, and concurrent neck dissection. 33 Radiotherapy typically triples the risk of a postoperative fistula and has been well established as an independent risk factor in partial and total laryngectomy wound complications. [34] [35] [36] Higher rates of complications are often reported with the addition of chemotherapy. 37 Effects of epidermal growth factor targeted therapy on wound complications remains unknown.
Patients undergoing neck dissection at the time of laryngectomy have been found by us and others to have an increased risk of fistulas. 33, 38 In fact, others have reported that cervical lymph node metastasis correlates with fistula formation, 39 which may simply reflect the fact that a neck dissection was performed in those patients. Cervical lymphatic dissections likely promote fistula formation because they require large incisions that devascularize tissues and create significant dead space or potential planes for fluid to collect.
Hypothyroidism is known to increase wound complications and is common in patients with head and neck cancer. Characteristics most associated with hypothyroidism include female sex, preoperative radiotherapy, or cervical metastasis. 40 Postoperatively, almost 50% of patients will become hypothyroid after laryngectomy with most cases presenting in the first 14 months. 41 Importantly, this study found patients with euthyroid who developed a postoperative fistula are subsequently at an increased risk for hypothyroidism. As a result, thyroid-stimulating hormone should be assessed in salvage laryngectomy cases frequently during the first 18 months after surgery because normal preoperative levels may not predict postoperative levels.
Although medical comorbidities are reported to impede wound healing, the literature does not consistently identify individual conditions, which is likely a result of their coexistence. Medical factors such as diabetes, chronic pulmonary disease, and congestive heart failure have been shown to correlate with postlaryngectomy fistula formation. 33, 42, 43 Interestingly, the development of pharyngocutaneous fistulas is more commonly associated with congestive heart failure than diabetes.
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Management of Postlaryngectomy Fistulas. Management of pharyngocutaneous fistulas that occur after surgery, especially in a salvage case, remains very challenging. If vascularized tissue is introduced into the salvage laryngectomy wound at the time of closure, the fistula formation rate is generally between 15% and 20%, but between 20% and 50% with primary closure. 19, 20, 32, [44] [45] [46] Importantly, fistulas will usually heal spontaneously in the presence of vascularized reconstruction with conservative management over a period of 2 to 3 months. 19, 32 Reconstruction of fistulas after salvage laryngectomy is complicated by several factors: the paucity of vessels within the neck for flap reconstruction, limited mobility of the neck, and absence of the ability to close the neck primarily due to poor quality of cervical skin. 47 Management of this patient population is not well published and varies significantly between surgeons. Fistula formation after laryngectomy can result in a safe or unsafe wound. Pharyngeal secretions washing across an irradiated and/or skeletonized carotid sheath after neck dissection put these vessels at high risk of rupture and require prolonged observation or surgical management. Failure of granulation tissue to be seen in the wound or progressive necrosis usually requires placement of vascularized tissue between the secretions and the vessels at risk. The pectoralis myofascial flap can be raised and sutured over the carotid in such a way as to let the secretions drain out over the pectoralis flap. Attempting to close both the fistula and cover the carotid artery usually fails to do both. Conversion to a safe wound allows for patient discharge from the hospital with a period of conservative management with subsequent surgical repair if necessary. For carotid coverage, use of the pectoral major myofascial flap is favored because it is expedient and vessels for microvascular anastomosis do not need to be exposed in a contaminated field. If a herald bleed of the carotid system occurs, interventional radiology can be requested to stent the affected vessel. Subsequent exposure of the stent can occur over time in heavily pretreated patients and will require procedures that are more aggressive. Hyperbaric oxygen can be used as an adjuvant therapy to improve soft tissue healing and has become more easily accessible to patients. 48, 49 Although use of hyperbaric oxygen remains controversial in patients with cancer, the data does not suggest that it promotes short-term growth of cancer. 50, 51 Pharyngocutaneous fistulas or the dehiscence of cervical skin after total laryngectomy without vessel exposure can be managed conservatively using dressing sponges in saline or antibacterial solutions. Alternatively, negative pressure dressings can be used as primary management or as an adjuvant to surgical procedures. [52] [53] [54] Compared to conventional dressings, negative pressure dressings promote wound contraction, rapid formation of granulation tissue, 55 and limit exposure of the tissue to direct contact with pharyngocutaneous secretions. Complete fistula closure can be obtained in 1 to 2 weeks using the system. 53 However, the negative pressure dressing cannot be used in the setting of necrotic tissue; instead traditional wet to dry dressings should be used. The most significant disadvantage of the negative pressure dressings is the cost (several hundred dollars per day) 55 and the difficulty of holding suction around the tracheostomy or stoma.
The difficulty of achieving negative pressure around the tracheostoma can be managed in the operative setting. The wound can be aggressively debrided and then a large (8.0 or 8.5) endotracheal tube (with the balloon air cannula skeletonized to reduce the length) can be placed in the stoma and sutured into place (Figure 3) . The negative pressure dressing can then be placed around the endotracheal tube. The negative pressure dressing, if the vacuum seal can be effectively maintained, can be changed biweekly or weekly. These dressings have been safely used to promote granulation tissue over the carotid artery or internal jugular vein. Patients who develop a fistula often stay in the hospital for approximately 2 weeks as the defect matures to a safe wound, during this time, aggressive management with negative dressings is ideal. 32 Surgical closure of pharyngocutaneous fistulas should be performed after failure of conservative measures and medical comorbidities have been optimized, especially thyroid function and failure of conservative management. There is usually insufficient cervical skin to allow for primary closure of the cervical skin and a plan should be in place for external neck coverage. Some authors have suggested use of a dual paddle anterolateral thigh flap, 47 alternatively a 2-flap solution including a radial forearm flap for tubed or patch reconstruction followed by a pectoral myofascial flap for external neck coverage. Use of external carotid system for microvascular anastomosis should be avoided because dissection of the external carotid system exposes the vessels to a potential fistula and may result in a stretch injury to the 12th nerve. Use of the transverse cervical vessels or internal mammary vessels is preferable in this setting (see below).
Judicious use of aggressive surgical intervention is critical during the prolonged hospital course associated with complex head and neck wounds. Immediate fistula repair in a wound without vessel exposure is appropriate in cases where frequent stomal contamination occurs; however, if pharyngeal secretions are in communication with major vascular structures, management should focus on creating a safe wound.
Recipient Vessel Selection in Salvage Surgery or Fistula Repair. In most cases of previously untreated disease, recipient blood vessels of adequate length, caliber, and flow for microvascular anastomosis are readily available. Most surgeons prefer to perform end-to-end anastomoses to branches of the external carotid artery, such as the facial or superior thyroid arteries, and branches of the internal jugular vein when these vessels are available. End-to-side anastomoses into the external carotid artery and/or internal jugular vein are also reasonable options. The external jugular vein is also frequently used as a recipient vein, although some series have found higher rates of thrombosis, possibly due to surgical trauma during neck dissection, low flow, and susceptibility to external compression due to its superficial location. 56 However, in cases of prior irradiation and/or neck dissection, adequate recipient blood vessels may be ligated or nonpatent due to thrombosis. 57, 58 In other cases, extensive scar tissue formation may render dissection of the carotid and jugular vessels so perilous due to the risk of irreparable rupture, that dissection is best avoided.
The transverse cervical artery and vein are excellent alternatives to the external carotid artery and internal/external jugular vein systems. These vessels are usually preserved during neck dissections. The transverse cervical artery arises medially in the neck from the thyrocervical trunk, or occasionally from the subclavian artery directly. The transverse cervical vein drains into the external jugular vein or the subclavian vein. The omohyoid muscle is a surgical landmark for the transverse cervical artery and vein, which are deep to the muscle within the loose supraclavicular fatty tissue. 59 The cephalic vein can also be an excellent source of venous drainage in head and neck microvascular surgery. Advantages of the cephalic vein are that it provides a long pedicle, lies outside the zone of radiation or prior surgery, and is associated with a generous diameter for microvascular anastomosis. 60 The proximal cephalic vein is located in the deltopectoral groove and traced is distally adjacent to the lateral bicipital groove.
The use of internal mammary vessels for head and neck surgery has not commonly been reported but is well known in breast reconstruction with autologous free tissue transfer. 61 The internal mammary vessels are usually located by removal of the second or third costal cartilage after division of the overlying pectoralis muscle (Figure 4) . Inferior to the third rib, the caliber of the vein diminishes and is usually less than 1.5 mm.
The thoracoacromial artery and vein have also been described as a potential source for recipient vessels in head and neck reconstruction. 62, 63 The thoracoacromial artery arises from the axillary artery and divides into acromial, deltoid, clavicular, and pectoral branches. Use of the pectoral branch of the thoracoacromial trunk for end-to-end anastomoses obviously prevents use of the pedicle pectoralis major muscle or myocutaneous flap as a secondary flap for reconstruction. However, in cases where the pectoralis major muscle flap has already been transferred and adequate healing has taken place, division and use of the pectoral branches, which remain well preserved within the perivascular fat pad, as recipient vessels has been reported. 63 
